A mixed culture cytopathogenic effect with the development of multinucleated giant cells in feline leukemia virus-infected cultures after cocultivation with XC cells is described. This cytopathogenic effect has been utilized as a convenient visual marker for the detection and assay of feline leukemia virus in feline and canine embryo fibroblasts as well as in a canine tumor cell line, M-132-1. Comparison of the cytopathogenic reaction in the three cell lines indicates that the reaction is more rapid and pronounced in M-132-1 cells than in the embryo fibroblast cultures.
A mixed culture cytopathogenic effect with the development of multinucleated giant cells in feline leukemia virus-infected cultures after cocultivation with XC cells is described. This cytopathogenic effect has been utilized as a convenient visual marker for the detection and assay of feline leukemia virus in feline and canine embryo fibroblasts as well as in a canine tumor cell line, M-132-1. Comparison of the cytopathogenic reaction in the three cell lines indicates that the reaction is more rapid and pronounced in M-132-1 cells than in the embryo fibroblast cultures.
In vitro infections of susceptible cell cultures by murine, avian, and feline leukemia viruses are not generally accompanied by observable changes in these cultures. However, serological techniques such as complement fixation (7) and immunofluorescence (10) have been developed for the detection and assay of these noncytopathogenic viruses. Klement et al. (2) and Rowe et al. (6) have developed and refined an indirect cytopathogenic test for the quantitation of murine leukemia viruses (MuLV).
In a preliminary communication, we described a mixed cell culture cytopathogenic (MC) method using XC cells for the detection and assay of feline leukemia virus (FeLV) in a canine tumor cell line, M-132-1 (5). Here we report the use of feline and dog embryo fibroblasts (FEF and DEF), which are generally used in FeLV studies, for the assay of FeLV by the MC method. Characteristics of the syncytial giant cells formed in the MC test using embryo fibroblasts and M-132-1 cells are also compared.
MATERIALS AND METHODS General tissue culture methods. All stock cell cultures were maintained in 32-oz (ca. 960 ml) screw-capped glass bottles at 37 C. All culture media were supplemented with 10% inactivated fetal calf serum, 100 units of penicillin, 100 ug of streptomycin, and 5 jig of fungizone per ml of medium. Petri dish cultures were incubated at 37 C in a humidified 5% CO2 atmosphere.
FEF and DEF cultures. These were obtained from Flow Laboratories, Rockville, Md., as primary cultures and were maintained in Eagle's minimum essential medium (MEM-Earle's base) (Grand Island Biological Co., New York). The Cells from cultures to be tested were dislodged with a rubber policeman and suspended in 2 ml of the spent culture medium, frozen and thawed three times in a dry ice-alcohol mixture, and kept frozen at -70 C until used. Culture harvests were tested at a dilution of 1:2 in micro-CF plates, as described for the COCAL test (7) . Positive virus con-FIG. 1 . General morphological appearance of a sparse culture of M-132-1 cells. x500. All photomicrographs were made from petri dish cultures stained with Giemsa. trols at 1: 10 or higher dilutions were included in each test. A sample was considered positive for viral CF antigens if a 3+ or greater CF reaction was observed in the absence of anticomplementary reactions and in the absence of positive reactions with negative tissue culture antigen specimens.
RESULTS
Mixed culture cytopathogenic reaction. In an initial experiment, FeLV 41-inoculated FEF cultures, which had undergone one subpassage during the 12 days postinoculation, were used. Strips of monolayer cells from the control and virus-treated petri dish cultures were removed in two perpendicular directions with a rubber policeman as described by Klement et al. (2) . These cultures were overlaid with 106 freshly trypsinized XC cells in MEM supplemented with 10% noninactivated fetal calf serum and were incubated at 37 C in a humidified 5% CO2 atmosphere.
During the next 48 hr, multinucleated giant cells were observed in the virus-treated cul-tures along the border and in the channels where the monolayer had been removed. The giant cells, however, were not confined to the channels but were present between the fibroblasts of the intact monolayer. Four to five days later, the cytopathic reaction of multinucleated giant cell development was conspicious and clearly visible upon microscopic examination at 35 or 80x magnifications in methanolfixed, Giemsa-stained cultures. The giant cells, in addition to being observed frequently, were made prominent by their unusual large size and shape. Some of these cells contained one or more prominent vacuoles. The number of nuclei in the giant cells varied from as few as three to over a dozen in many. Control FEF cultures processed in an identical manner were devoid of such large numbers of multinucleated cells.
Even though syncytial giant cells appeared in confluent and heavy monolayers of virustreated cultures upon mixed cultivation with XC cells, it was difficult and time-consuming to score the cytopathic effect, Hence, the procedure for MC tests was modified, based on controlled experiments using M-132-1 (FeLV) cells.
Results (Fig. 3) . For the detection and assay of FeLV infections, FEF and DEF virus-treated and control cultures were passaged in a manner to obtain a monolayer nearly 70% confluent by 24 hr at which time 106 XC cells were added. Syncytial giant cells were observed within a day of mixed-cell cultivation; however, they became prominent 4 or 5 days later. The multinucleated giant cells were distributed along with normal XC cells as localized islands bordered by a network of elongated cells apparently of fibroblastic origin (Fig. 4 and 5 ). Unlike the virus-infected M-132-1 cultures, FeLV-inoculated FEF and DEF cultures could be carried for longer periods without deterioration of the cytopathic reaction; hence, end points for virus assays were determined on day 6 or 7 after XC cell addition.
Mixed cultures of normal FEF or DEF and XC cells under identical conditions were devoid of the cytopathic reaction described above for FeLV-infected cultures (Fig. 6 and 7 nous population. Depending on the concentration of embryo fibroblasts at the time of XC cell addition, the cultures either were completely overgrown by XC cells or contained few networks of elongated cells along with XCtype cells. Other control cultures, such as FeLV-infected FEF and DEF or XC cell cultures alone, had no or very infrequent syncytial cells (Fig. 8, 9 , and 10).
XC cell cultures inoculated with serial 10-fold dilutions of the virus stocks did contain some multinucleated giant cells when monitored over a period of a week. However 
